Introduction {#S1}
============

When we perceive and interact within the social world, empathy seems to be a core component for understanding the emotions and intentions of others. Unfortunately, there is no clear single definition of empathy in current research. Hence, there are different theoretical conceptualizations of this concept. Often (but not always), it is assumed that empathy involves both cognitive as well as affective evaluation processes, thus enabling us to vicariously experience the feelings of another and also understand his or her situation ([@B20]; [@B30]; [@B32]). Furthermore, empathic feelings have been linked to prosocial behavior ([@B5]).

Empathy can be seen as multifaceted phenomenon. Therefore, different aspects of empathy depend on different neural substrates. For example, the insula and the anterior cingulate cortex (ACC) seem to be related in particular to empathy for pain ([@B47]). Beyond this affective network of empathy, recent research also discussed a role for the somatosensory cortices when feeling empathy. In the traditional understanding, the primary somatosensory cortex (SI) reflects touch on the body surface in a more or less mechanical way. Recent research challenged this view. For example, several studies on tactile illusions demonstrate that SI represents the perceived touch rather than the actual touch on the body ([@B7]; [@B40], [@B41]). Moreover, an increasing body of evidence suggests a role for somatosensation in perceiving and understanding social interactions. For example, numerous studies report mirror-like (or vicarious) brain responses in the observer's SI merely when seeing others being touched, suggesting a putative mirror system in the brain ([@B24], [@B23]; [@B6]; [@B45]). It has been demonstrated that this vicarious activation in the somatosensory cortices can be linked to empathy personality traits ([@B18]). Thus, the more empathetic an observer is, the more his or her somatosensory cortices are vicariously activated when observing touch on someone else's body. This has been shown both for painful as well as for non-painful touch \[e.g., ([@B9]; [@B42], [@B43])\].

While these studies investigated somatosensory-based empathy in very simple or basic experimental settings (e.g., observing a hand or a leg being touched by a paintbrush), few studies report empathy-related responses in the somatosensory cortices in more complex scenarios ([@B37]; [@B21]). However, recent work demonstrates that even complex social-judging processes may engage somatosensory cortices. More concretely, it has been suggested that conceptual (or embodied) metaphors engage in particular sensorimotor brain areas. Conceptual metaphors are different from linguistic metaphors. While the latter are obviously present in language, conceptual metaphors mean understanding and experiencing one kind of thing in terms of another ([@B27]). Several intriguing behavioral studies demonstrate how those embodied metaphors build a scaffold and guide our everyday behavior ([@B27]). Recently, the neural underpinnings of conceptual metaphors have been addressed. Neural substrates of conceptual metaphor effects seem to rely on primary motor and especially somatosensory cortices ([@B26]; [@B39]). For example, it has been demonstrated that the moral-purity metaphor is linked predominantly to activity in SI ([@B44]; [@B15]). Activation in sensorimotor cortices for embodied metaphors is also in line with theoretical assumptions of embodied simulation processes. Simulation here means that the retrieval of conceptual meaning involves a partial re-enactment of sensorimotor experiences ([@B16]).

Given that for both embodied metaphors as well as for empathy personality traits, the somatosensory cortices seem to play important roles, we here hypothesized that conceptual metaphor effects may be affected by empathy. Thus, behavioral effects and also neural activation during embodiment effects may be predicted by empathic personality traits.

In order to test our hypothesis, we reanalyzed data from our previous fMRI study ([@B38], Study 2), in which we investigated tactile priming effects in a social judging paradigm ("hardness" metaphor). Previous research investigated the psychological concept of "hardness" and suggested that it may be an example for a conceptual metaphor. Thus, activation of the "hardness" concept through actual physical experiences might guide analogous psychological concepts. What kind of psychological concepts are associated with "hardness"? "Hardness" can be related to idioms such as "hard-hearted" or having a "hard day," pointing in particular to the metaphorical meaning of resistance to outside influence. Recent studies by [@B1] demonstrate how the physical experience of "hardness" affects social behavior (see also [@B49]). In their experiment, participants were asked to imagine buying a new car. In this role-playing scenario, they first made an offer to the dealer, who rejected this offer, asking for a second offer. Participants sitting in a hard wooden chair (in contrast to a soft cushioned chair) made a smaller adjustment to their first offer. Thus, they did not compromise as much as did those seated on soft chairs. In other words, they took a "harder line" in their negotiations ([@B1]).

Our previous research sought to extend this research by testing whether incidental "hard" sensations lead people to be "hard" on crimes and by investigating the underlying neural substrates of this conceptual metaphor. Participants were asked to recommend punishments in the context of crime scenarios while lying in the scanner. Before reading each crime scenario they were primed with either hard or soft tactile stimuli (or no tactile stimulation) by an experimenter next to the participant (participants touched either a hard or a soft surface for few seconds). In line with a "hard on crime" conceptual metaphor, we demonstrated that hard-priming led to harder punishments (relative to soft and relative to no tactile stimulation) and that this effect is based in particular on SI (no effects for comparison soft relative to no stimulation). Based on these findings, we hypothesize here that both the behavioral priming effect as well as the neural activation in SI (but not activation in other brain regions) can be predicted by empathy personality dimensions (but not by other personality dimensions). In order to test this hypothesis, we assessed empathy and Big-Five personality traits and examined whether empathy personality traits moderated the behavioral priming effect and the associated activation in SI.

Materials and Methods {#S2}
=====================

Participants {#S2.SS1}
------------

Fifteen out of the 17 participants that participated in the previous study ([@B38]) were included in the current analyses (11 females, mean age 23 ± 2.84 years).

All participants were native German volunteers with no neurological or psychiatric history. The participants gave written informed consent to the study, which adhered to the Declaration of Helsinki and was approved by the by the local human subjects committee. The data that support the findings of this study are available on request from the corresponding author (MS).

Procedure {#S2.SS2}
---------

Participants were asked to complete two personality questionnaires, a German version of the NEO Five-Factor Inventory (NEO-FFI) ([@B11]; [@B8]) and a German version of the Interpersonal Reactivity Index (IRI) ([@B13]; [@B33]).

The IRI has been previously used in imaging studies to examine empathy-related brain activations (e.g., [@B47]; [@B9]). It is a 28-item survey that consists of four subscales ([@B13]; [@B33]), resulting in an affective (or emotional) and a cognitive form of empathy. The scale "perspective taking" (PT) represents the tendency to cognitively imagine a situation from the other person's point of view. A subscale "fantasy" (FS) assesses the tendency to project oneself into the place of fictional characters in books or movies. The scale "empathic concern" (EC) measures a person's tendency to have feelings of sympathy and concern for others. A fourth scale, the "personal distress" scale (PD), reflects the extent to which someone feels negative emotions, especially in stressful situations. According to Davis, EC, and PD describe an affective form of empathy, whereas the subscales PT and FS assess cognitive empathy ([@B13]).

The NEO-FFI is based on a factor-analytic approach describing the human personality in five core dimensions, which are extraversion, neuroticism, agreeableness, conscientiousness, and openness to experience ([@B11]). Neuroticism involves experiencing negative emotions (including anxiety), self-consciousness, and irritability. Extraversion is linked toward a tendency to experience positive emotions, including a high degree of sociability, assertiveness, and talkativeness. Agreeableness is displayed by a tendency to altruism, including traits such as cooperation, compassion, and politeness. Conscientiousness is linked to disciplined, organized, and achievement-oriented behavior. Openness to experience is reflected by active imagination, aesthetic sensitivity, attentiveness to inner feelings, preference for variety, and intellectual curiosity ([@B11]). The NEO-FFI includes 60 items and is widely used to examine Big-Five personality traits.

The fMRI study design included one factor, tactile priming, which was hard, soft, or omitted (no tactile stimulation). Tactile stimulation was carried out via foam (soft stimulation) or wood material (hard stimulation). The stimuli were comparable with respect to weight, size, and shape. The experimenter held the object in one hand and let the participants touch the hardness of the stimuli. The participants were made familiar with this task outside the scanner. Participants were not able to see the priming objects or to freely explore their shape or weight or swipe on the object's surfaces. That is, participants were only allowed to press and feel the hardness or softness of the objects by using thumb and residual fingers while this object was held by the experimenter. It is important to note that we never talked about "hardness" when instructing the participants. The participants were merely told that they were sometimes going to feel objects during the experiment. We did not give participants any additional information on this task.

When lying in the scanner, participants were primed either with hard wood or soft foam for about 15 s (hard, soft, and no tactile priming) before they read scenarios describing crimes such as burglaries, criminal assaults, murderers, cheating, or drug offenses (16 s each). All scenarios included both positive (mitigating) and negative components to ensure that they were ambivalently valenced. For example, subjects read the following scenario: "A 20-year-old man drove his friends to a night club. Because he was intoxicated and the atmosphere in the car was distracting, he ran a red light, thereby causing a serious traffic accident. Later on, the young driver apologized for his actions when meeting the injured persons." Then, participants gave their judgment as to how seriously the protagonist should be punished (8-point Likert-scale) ("How seriously should the young man be punished? More seriously: right buttons. Less seriously: left buttons"). After 14 s, there was a break of 12 s before the next trial started.

The visual images were back-projected to a screen at the end of the scanner bed, close to the subject's feet. Participants viewed the scenarios through a mirror mounted on the birdcage of the receiving coil. The experiment consisted of a total of 60 scenarios (four runs, each lasting about 14 min). The order of presentation of the scenarios as well as the kind of priming for the scenarios was randomized between and within the subjects. Conditions were randomized within runs. Participants were familiarized with the task before starting the experiment. We used a cover story for the participants by telling them that they would participate in two separate and independent experiments in one session: The first experiment referred to the examination of neural correlates for touch stimuli, while the second experiment examines neural correlates of judgment processes. At the end of the study all participants were debriefed and probed for suspicions concerning the experiments. For further details with respect to the experimental procedures, see [@B38].

fMRI Data Acquisition and Analysis {#S2.SS3}
----------------------------------

The functional imaging was conducted by using a 3T scanner (Siemens MAGNETOM Trio, Germany). T2-weighted functional images were acquired using gradient echo-planar images (TR = 2 s, TE = 30 ms, flip angle = 80 degrees, FOV = 192 mm). For each participant, data were acquired in four runs. Each run consisted of 404 volumes. Functional volumes included 32 slices (3.5-mm slices, no gap, in plane voxel size 3.5 × 3.5 mm). A high-resolution, T1-weighted structural image was acquired for anatomic reference (MP-RAGE, TR = 1650 ms, TE = 5 ms).

Individual functional images were realigned to correct for inter-scan movement using sinc interpolation and were subsequently normalized into a standard anatomical space (MNI, Montreal Neurological Institute template), resulting in isotropic 3-mm voxels. Data were smoothed with a Gaussian kernel of 6 mm, full-width, half-maximum. Data preprocessing and statistical analyses were carried out using the Statistical Parametric Mapping Software (SPM, Wellcome Department of Imaging Neuroscience, University College London, London, United Kingdom).

Statistical parametric maps were computed using multiple regression with the hemodynamic response function modeled in SPM. We examined brain responses while participants gave the punishment recommendations and then calculated statistical contrasts (*t*-tests) with respect to the different priming conditions. In order to test our hypothesis, we tested if there are linear relationships between personality traits (empathy, Big Five) and the size of the tactile priming effect (behavioral effect and brain responses). Therefore, scores of the personality traits (IRI, NEO-FFI) were used to test for correlations (Pearson) with brain activation (parameter estimates for voxels) in the sensorimotor regions of interest (maximum peaks in bilateral SI) and other regions (premotor cortex, inferior frontal gyrus, and secondary somatosensory cortex; separately analyzed and FWE corrected) (see [Table 1](#T1){ref-type="table"} and [@B38]).

###### 

Behavioral and fMRI results for "hard on crime" effect.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Priming condition      Behavioral results (punishment recommendations, scale from 1 to 8, with 8 for very hard sentences, means ± standard deviation)   Brain region                  Peak MNI location (*x, y, z*)   Peak *z*-value   Number of voxels
  ---------------------- -------------------------------------------------------------------------------------------------------------------------------- ----------------------------- ------------------------------- ---------------- ------------------
  Hard \> soft priming   Hard priming: 4.74 ± 0.98 Soft priming: 4.33 ± 0.65                                                                              R SI                          44, −40, 66                     3.80             32

  Hard \> no priming     Hard priming: 4.74 ± 0.98 No priming: 4.30 ± 0.55                                                                                (L SI)\                       −24, −26, 50\                   3.50\            19\
                                                                                                                                                          (L BA6)\                      −32, −4, 38\                    3.70\            8\
                                                                                                                                                          (R BA6)\                      22, −16, 58\                    3.39\            12\
                                                                                                                                                          (R SII/Insula)\               40, −12, 2\                     3.46\            31\
                                                                                                                                                          (L SII/Insula)\               −28, 8, 16\                     3.28\            7\
                                                                                                                                                          (R inf. frontal gyrus/BA44)   62, 12, 6                       3.35             6
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results demonstrate significant "harder" decisions after hard priming \[ANOVA with factor priming condition,

F

(2,28) = 3.73,

p

= 0.03\], accompanied with activation in somatosensory and other brain areas \[random effects analysis,

p

\< 0.05, FWE corrected, L, left hemisphere; R, right hemisphere; in brackets, uncorrected results, see

Schaefer et al. (2018)

for further details\].

Traits that showed linear relationships went into standard multiple linear regression analyses to analyze the relationships between the "hard on crime" effect (and the associated brain activity) and personality traits. The "hard on crime" effect is expressed in comparisons of hard relative to no priming and hard relative to soft priming (see [Table 1](#T1){ref-type="table"}). The software package SPSS (IBM Corp., Armonk, NY, United States) was used for all statistical analysis.

Results {#S3}
=======

Questionnaire and Behavioral Data {#S3.SS1}
---------------------------------

Mean scores of the IRI questionnaire are depicted in [Table 2](#T2){ref-type="table"}. FS correlated with EC (*r* = 0.51, *p* = 0.05, Pearson, two-sided). [Table 2](#T2){ref-type="table"} also depicts results for NEO-FFI. Neuroticism correlated significantly with agreeableness (*r* = −0.61, *p* = 0.02). There were no other significant correlations between personality or IRI dimensions.

###### 

Results of personality questionnaires (IRI and NEO-FFI).

  Personality questionnaires                              Mean ± standard deviation
  ---------------------------- -------------------------- ---------------------------
  IRI                          *Perspective taking*       14.80 ± 1.97
                               *Fantasy*                  14.73 ± 2.69
                               *Personal distress*        9.80 ± 1.90
                               *Empathic concern*         15.27 ± 1.67
  NEO-FFI                      *Neuroticism*              16.86 ± 7.55
                               *Extraversion*             29.29 ± 7.52
                               *Openness to experience*   34.50 ± 5.87
                               *Agreeableness*            31.71 ± 4.94
                               *Conscientiousness*        34.00 ± 6.23

We first tested if personality affected punishment recommendations in general, irrespective of priming. Results revealed that in particular EC affected general punishment behavior. Both EC and PD correlated negatively with the severity of punishment recommendations (EC: *r* = −0.53, *p* = 0.04; PD: −0.43, *p* = 0.10). A subsequent regression analysis with the four empathy dimensions as predictors confirmed this result \[*R* = 0.61, adj. *R*^2^ = 0.45, *F*(4,14) = 3.92, *p* = 0.03\]. The IRI dimension EC predicted the general severity of recommendations (β = −0.77, *p* \< 0.01). Hence, the more empathic the participant was, the more lenient was his or her punishment, as expected. Other empathy dimensions (PD, PT, F, or Big-Five personality traits) did not show any significant effects on general punishment recommendations (all *p* \> 0.10) (see [Table 3](#T3){ref-type="table"}).

###### 

Intercorrelation matrix for empathy measures, behavioral results, and brain activation (Pearsons, in bold: *p* \< 0.05).

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                     Empathy (IRI)   Behavioral responses   Brain activationh                                                                                                                         
  ------------------ --------------- ---------------------- ------------------- ------------- ------------ ----------------------- ----------------------- ------------------ ----------------------- ------------------
  Empathy (IRI)      EC                                     *r*=0.17,\          *r*=0.23,\    *r*=0.51,\   ***r* =** −**0.53**,\   ***r* =** −**0.60**,\   *r* = −40,\        ***r* =** −**0.55**,\   *r* = −0.47,\
                                                            *p*=0.53            *p*=0.40      *p*=0.05     *p* = **0.04**          *p* = **0.01**          *p* = 0.13         *p* = **0.03**          *p* = 0.07

                     PD                                                         *r*=−0.33,\   *r*=0.21,\   *r* = −0.43,\           *r* = −0.24,\           *r* = −43,\        *r* = −0.13,\           *r* = −0.45,\
                                                                                *p* = 0.22    *p*=0.44     *p* = 0.10              *p* = 0.37              *p* = 0.10         *p* = 0.63              *p* = 0.08

                     PT                                                                       *r*=0.03,\   *r* = 0.26,\            *r* = 0.20,\            *r* = 0.20,\       *r* = 0.31,\            *r* = −0.12,\
                                                                                              *p*=0.91     *p* = 0.33              *p* = 0.47              *p* = 0.46         *p* = 0.25              *p* = 0.65

                     FS                                                                                    *r* = −0.02,\           *r* = −0.41,\           *r* = −0.28,\      *r* = −0.17,\           *r* = −0.38,\
                                                                                                           *p* = 0.92              *p* = 0.12              *p* = 0.30         *p* = 0.53              *p* = 0.16

  Behav. responses   Gen. sev.                                                                                                     ***r* = 0.57**,\        *r* = 0.45,\       ***r* = 0.53,**\        *r* = 0.34,\
                                                                                                                                   ***p* = 0.02**          *p* = 0.08         ***p* = 0.04**          *p* = 0.20

                     Hard -- no                                                                                                                            ***r* = 0.77,**\   *r* = 0.48,\            ***r* = 0.67,**\
                                                                                                                                                           ***p* = 0.01**     *p* = 0.06              ***p* = 0.01**

                     Hard -- soft                                                                                                                                             *r* = 0.48,\            ***r* = 0.56,**\
                                                                                                                                                                              *p* = 0.06              ***p* = 0.02**

  Brain activation   Hard -- no                                                                                                                                                                       *r* = 0.24,\
                                                                                                                                                                                                      *p* = 0.37

                     Hard -- soft                                                                                                                                                                     
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

We then tested whether tactile priming (the "hard on crime" effect) depends on the personality of the participants. The "hard on crime" effect describes that tactile priming with hard (relative to soft or relative to no priming) surfaces makes our punishment recommendations to be "harder" ([@B38]). Examining linear relationships between personality measures and this tactile priming effect revealed that, in particular, EC correlated in a linear fashion with the strength of the "hard on crime" effect (hard relative to no priming, EC: *r* = −0.60, *p* = 0.01; hard relative to soft priming, EC: *r* = −0.40, *p* = 0.13; PD: *r* = −0.43, *p* = 0.10). Other empathy dimensions failed to show linear relationships (see [Figure 1](#F1){ref-type="fig"}).

![Correlation scatterplots for empathy scores of IRI with punishment recommendations after hard vs. no priming. Only the IRI dimension EC predicted negatively the strengths of the "hard on crime" effect (Pearson, EC: *r* = −0.60, *p* = 0.01; PD: *r* = −0.24, *p* \> 0.10; PT: *r* = 0.20, *p* \> 0.10; FS: *r* = −0.41, *p* \> 0.10). Center shows mean punishment recommendations after hard and after no priming. See text for further details.](fnhum-14-00142-g001){#F1}

We then calculated a regression analysis with all four IRI empathy dimensions as predictors \[all four scales were entered simultaneously in one model; hard relative to no priming; *R* = 0.70, adj. *R*^2^ = 0.30, *F*(4,14) = 2.51, *p* = 0.10\]. Results demonstrated that in particular EC predicted the "hard on crime" effect (EC: β = −0.64, *p* = 0.04; PD: β \< 0.01, *p* = 0.97; PT: β = 0.35, *p* = 0.18; FS: β = −0.10, *p* = 0.70). The contrast hard relative to soft priming showed failed to reach the level of significance \[*R* = 0.57, adj. *R*^2^ = 0.06, *F*(4,14) = 1.24, *p* = 0.35; EC: β = −0.37, *p* = 0.26; PD: β = −0.30, *p* = 0.32, PT: β = 0.19, *p* = 0.51; FS: β = −0.03, *p* = 0.92\] (see [Table 4](#T4){ref-type="table"}).

###### 

Regression analyses of behavioral results (difference of punishment recommendations for hard relative to soft and for hard relative to no priming) with empathy subscales as predictors.

                                  Model          Coefficients (standardized)                                                                                                      
  ------------------------------- ------- ------ ----------------------------- ------------------------------ ----------------- ------------------------ ------------------------ ---------------------------------------------
  Hard relative to no priming     0.70    0.50   0.30                          *F*(4,14) = 2.51, *p* = 0.10   EC: PD: PT: FS:   −0.64 0.01 0.35 −0.10    −2.33 0.03 1.42 −0.39    *p* = 0.04 *p* = 0.97 *p* = 0.18 *p* = 0.70
  Hard relative to soft priming   0.57    0.33   0.06                          *F*(4,14) = 1.24, *p* = 0.35   EC: PD: PT: FS:   −0.37 −0.30 0.19 −0.03   −1.19 −1.04 0.67 −0.10   *p* = 0.26 *p* = 0.32 *p* = 0.51 *p* = 0.92

All four IRI dimensions (EC, F, PT, and PD) went simultaneously in one model.

Thus, in particular, EC seems to negatively influence the strength of the behavioral shown "hard on crime" effect. The more empathetic the participants were, the weaker was the influence of the "hard on crime" effect. However, it has to be noted that (perhaps due to small sample sizes) both regression models did not reach the level of significance. In addition, the contrast "hard--soft" revealed no significant empathy predictors at all.

[Figure 2](#F2){ref-type="fig"} splits the "hard on crime" effect for participants with high and low empathy scores (participants with highest vs. lowest global empathy scores, including EC, PT, and FS) and suggests that, in particular, participants with low empathy scores seem to be prone for the "hard on crime" effect.

![Behavioral results split for participants with high and low empathy scores (global empathy score including EC, PT, and FS).](fnhum-14-00142-g002){#F2}

fMRI Data {#S3.SS2}
---------

Our previous study demonstrated that brain responses underlying the "hard on crime" effect engaged predominantly the somatosensory cortex. Thus, brain activation during judging when being primed with the hard object compared with soft priming (and with no priming) revealed activation in somatosensory cortex on the right hemisphere. Results for the left-side revealed similar activation in somatosensory cortex at a lower level that did not surpass correction for multiple comparisons (see [Table 1](#T1){ref-type="table"} and [@B38] for details). We concluded that the "hard on crime" effect seems to be linked to an activation of the somatosensory cortices.

The present study aimed to examine whether personality traits are linked to the neural activation in SI (during the punishment recommendations) associated with the "hard on crime" effect. In order to test this hypothesis, we calculated a regression analysis for brain changes in SI related to the "hard on crime" effect with EC as a predictor. Results demonstrated that empathy had an influence on the neural activity in SI \[hard relative to soft priming; *R* = 0.55, adj. *R*^2^ = 0.25, *F*(1,14) = 5.81, *p* = 0.03\], demonstrating that EC was a predictor for the "hard on crime" effect (β = −0.55, *p* = 0.03, see [Figure 3](#F3){ref-type="fig"} and [Table 5](#T5){ref-type="table"}). An analog regression analysis for brain changes in SI for the contrast hard relative to no priming including EC as a predictor confirmed these results, but showed only a trend for significance \[*R* = 0.47, adj. *R*^2^ = 0.16, *F*(1,14) = 3.68, *p* = 0.07\]. The predictor EC showed a negative effect for the "hard on crime" effect (β = −0.47, *p* = 0.07). No other personality traits (Big Five) revealed linear relationships with brain activation in SI (all *p* \> 0.10).

![Brain activation in right somatosensory cortex after hard priming (relative to soft priming) (peak MNI locations *x* = 44, *y* = −40, *z* = 66; *p* \< 0.05, FWE corrected). Correlation scatterplots for signal change in this brain area with empathy scores demonstrate linear correlations with EC empathy (Pearson, EC: *r* = −0.55, *p* = 0.03; PD: *r* = −0.13, *p* \> 0.10; PT: *r* = 0.31, *p* \> 0.10; FS: *r* = −0.17, *p* \> 0.10). Bar graph in center shows average BOLD signal changes relative to rest (fixation) condition.](fnhum-14-00142-g003){#F3}

###### 

Regression analyses of fMRI results (difference of brain activation in SI for hard relative to soft and for hard relative to no priming) with empathy subscale EC as predictor (based on behavioral analyses; only EC went into the model).

                                  Model          Coefficients (standardized)                                                        
  ------------------------------- ------- ------ ----------------------------- ------------------------------ ----- ------- ------- ------------
  Hard relative to no priming     0.47    0.22   0.16                          *F*(1,14) = 3.68, *p* = 0.07   EC:   −0.47   −1.91   *p* = 0.07
  Hard relative to soft priming   0.55    0.30   0.25                          *F*(1,14) = 5.81, *p* = 0.03   EC:   −0.55   −2.41   *p* = 0.03

These results demonstrated that empathy personality traits were linked in a negative way to somatosensory activity in a tactile priming task. Thus, the more empathic participants were EC, the weaker was the "hard on crime" effect related signal changes in SI.

Similar calculations for signal changes in other brain areas (premotor cortex, inferior frontal gyrus, secondary somatosensory cortex) revealed no significant relationships with empathy or Big Five personality measures.

Discussion {#S4}
==========

Based on recent findings that discussed a role for the somatosensory cortices both in empathy as well as in tactile priming scenarios, the present pilot study aimed to test whether empathic personality traits may interact with tactile priming effects in social judgments. We here demonstrated that the degree of EC could predict the magnitude of the priming effect in the participant's judgments and the associated somatosensory activation, thereby suggesting that empathy may protect from priming effects in the social sphere.

Our results revealed that both the behavioral as well as the neuroimaging data show correlations with empathic personality traits. On a behavioral level we found that the tactile priming of social judgments correlated with EC (although, comparison with soft priming failed to reach the level significance). The more empathic the participants were, the less strong was the priming effect. Imaging results confirmed these results. The more emotionally empathic the participants were, the less was the somatosensory cortex (here, the underlying neural substrate of this tactile priming effect) engaged. Hence, empathy seems to be linked to tactile priming effects in social judgments.

Numerous studies report an engagement of the somatosensory cortices for empathy ([@B35]; [@B16]; [@B34]; [@B14]). For example, prior studies investigating the general relationship between trait empathy (measured with the IRI) and neural activity found individual differences in gray matter volume in the precuneus, anterior cingulate, somatosensory cortex, and insula for EC and PD. For PT and FS anterior cingulate and dorsolateral prefrontal cortex seem to be important ([@B4]). In addition, a lack of empathy has been related to altered somatosensory functioning (e.g., [@B25]). Although an increasing body of evidence demonstrate a role for somatosensory cortex, the exact contribution of this region for empathy \[and its interplay with other brain areas known to be related to empathy, e.g., the insula and ACC ([@B47])\] still remains to be cleared ([@B18]; [@B42]; [@B2]; [@B17]). Several studies showed that tactile priming of social judgments engages the somatosensory cortices, too ([@B39], [@B38]; [@B15]). In addition, it has been revealed that the neural underpinnings of a general understanding textual metaphors involve somatosensory brain areas ([@B26]). The present study confirms and extends these results by demonstrating a relationship between empathy and priming related somatosensory activation. However, the involvement of the somatosensory cortex in our study seems to be predominantly linked to tactile priming effects. In other words, the more participants are prone to the priming effect, the more this brain area is activated. Although we here suggest that, in particular, less empathic participants are prone to the effect, we cannot directly link empathy with somatosensory cortex activity in our experiment.

The present results suggest that empathy is related to social priming. But how does this personality trait affect priming? Our results demonstrate that the neural basis of the "hard on crime" effect is in particular the somatosensory cortex. The "hard on crime" effect describes that incidental tactile experiences influence how "hard" we are in making punishment recommendations. This tactile priming effect seems to rely on somatosensory cortex activity. Empathy may have resulted in higher active attention toward the protagonist in the story and thereby decreased the more passive sensory/somatosensory influence of the tactile priming. Examining the chameleon effect (the non-conscious mimicry of behavior of one's interaction partners), Chartrand and Bargh demonstrated that the more empathic an individual was, the more he or she imitated others, resulting in stronger bonds with that person ([@B10]). Thus, paying more attention to (verbal or non-verbal) behavior of others may override or reduce other influences on participant's behavior and brain activation such as tactile priming.

The present results are also in line with behavioral studies reporting intriguing findings for prosocial behavior caused by briefly experienced interpersonal touch. For example, in the so-called Midas touch experiment Crusco and Wetzer demonstrated the social power of touch by examining tipping behavior in a restaurant. Waitresses were instructed to briefly touch the customers on the shoulder or the palm of the hand when they went to get change. Customers who were touched became more generous ([@B12]). This link between touch and prosocial behavior has confirmed by numerous similar studies ([@B19]; [@B48]; [@B22]; [@B28]). Since prosocial behavior is seen as a key component of empathy, we believe that those studies confirm our hypothesis that touch is linked to empathy. Thus, given that touch may be the first sense we develop in our life, the tactile sense might be much more important for our social perceptions and behavior than previously thought.

For personality factors beyond empathy (Big-Five factors), we did not find any effects (neither with tactile priming effects nor with the related brain responses). Although the neuro-anatomical basis of the Big Five is still discussed, previous imaging studies related neuroticism to prefrontal-temporal regions, extraversion to precuneus and superior temporal cortex areas, openness to prefrontal-parietal brain regions, agreeableness to prefrontal cortex and fusiform gyrus, and conscientiousness to prefrontal areas ([@B36]). Earlier studies examining relationships between empathy and Big-Five personality factors (e.g., ([@B31]; [@B29]) showed that for EC agreeableness and for FS and PT openness seem to be important dimensions. As expected, PD was a main predictor for neuroticism. In our study, we did not find any correlations of the Big Five with empathy scores. However, this may be explained by our small sample size.

Given that the classic understanding of the somatosensory cortex is to represent tactile stimulation perceived on our body surface, it may be surprising that we here discuss roles of the somatosensory cortices for priming effects in social judgments. How can the somatosensory cortices on the one hand represent touch in a more or less mechanical way, but on the other hand also be involved in higher cognitions such as social judgments? This may be explained by the theory of neural reuse. Anderson's theory of neural reuse argues that neural elements originally developed for one purpose are put to multiple uses ([@B3]). In his theory, he argues that the cognitive roles played by each region of the brain are various. Thus, the neural reuse theory refers to a form of neuroplasticity, in which brain areas are involved in different neural partnerships depending on tasks and circumstances.

Several limitations of the outcome of this study have to be mentioned. First, the number of participants is very small. Therefore, the present study should be classified as a pilot study. Future studies should enlarge the number of participants. This is also important because the majority of our participants were females. Since empathy measures are known to be sensitive to gender \[e.g., ([@B46])\], future studies with more participants should control this variable. Second, we here used only the IRI as a test for trait empathy. Considering that there are numerous tests for trait empathy and that these tests are based on different concepts of empathy ([@B32]), further measures of empathy would be desirable. However, the IRI we used in the present study is widely accepted in neuroimaging contexts. Third, we only tested for trait empathy. It would be interesting if state empathy would result in similar relationships. Last, we do not have any behavioral data to support our assumption that participants emphasized with the protagonists in the scenario. Further studies are needed to examine how empathy interacts with the effect.

The results of the present study suggest that previously shown embodiment effects in the tactile domain (tactile priming of social judgments) can be predicted by empathy personality traits. Thus, we conclude that empathy seems to protect from tactile priming effects in the social domain. The more empathic we are, the less we are prone to unconscious priming effects, such as recommending harder sentences when briefly experiencing something hard before. Therefore, empathic feelings toward someone else may help us to avoid being affected by incident (haptic) factors in the surrounding world.
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